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Social networks have expanded the reach of our personal and professional relationships,
leading us to develop connections and gain access to information that we otherwise may
not have access to. We know the undeniable impact of social networks on individuals.
But whats perhaps less obvious is the importance and impact of social networks on
corporate success. As with individuals, social networks embedded in the corporate
setting, most notably among boards of directors, facilitate the exchange of ideas and
increase the flow of information among and between corporate boards. Our research
demonstrates that using this nonfinancial data to augment our quality factor can lead to
improved returns for asset owners.

Social network theory studies and explains the relationship between entities or nodes
within a network. Companies form an intricate web of connections through various
social and professional networks that can include owners, sell-side analyst, customers,
and suppliers. In this study, we focus on company networks through their boards of
directors. The interconnectedness that facilitates the exchange of ideas and the flow
of information between corporate boards, known as interlocked directorate or board
linkages, is well documented in academic literature. We leverage this existing social
network analysis and incorporate graph theory to analyze the effects of broadening
networks among corporate boards.

Companies in the Russell 3000 universe contain, on average, five to six board members,
with a median connectedness of approximately three members on each board. Exhibit

1 demonstrates that over time, as the size of the average board increases, so does the
median connectedness. Access to a broader network among board members facilitates the
exchange of ideas and the flow of information. Highly connected corporate boards can
potentially benefit from an expanded network by being able to secure better financing,
accessing a deeper supply chain network, and witnessing and subsequently implementing
best corporate governance practices.
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Exhibit I: Information Flow: Board Size and Connectedness
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Sources: S&P. FactSet, PGIM Quantitative Solutions. Data as of July 31, 2021.

Quantifying Board Centrality & Connectedness

We estimate the interconnectedness of companies by measuring their connections with other firms in their network. One of the factors

that we use to measure the effectiveness of a company’s board network is its degree of centrality. This first degree of connection between
companies can be attributed to how many “links” their board members have formed.

Exhibit 2 illustrates an example of these linkages. Rows 1-4 represent board members and columns A, B, and C represent companies in the
universe. Company A is connected to company B via Board Member 2" and has no connections to Company C. Company B is connected
to company C through Board Member ‘1’. Therefore, because Company B has the most connections it is more central to the network.

Exhibit 2
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Disentangling the Information in Connections

As mentioned earlier, we found that companies with larger boards have higher connectedness to other companies’ boards. Similarly,
we found that board size is correlated with company size. We believe that as companies become more valuable in terms of market
capitalization, they are able to attract more coveted board members, similar to how larger companies (in market capitalization), also have

larger employee bases. Exhibit 3 depicts this relationship. When using board centrality measures, care needs to be taken in order to focus
on the real information in the signal.
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Exhibit 3: Larger Companies Have Higher Degree of Board Connectedness
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Sources: S&D, FactSet, Compustat, PGIM Quantitative Solutions. Data as of July 31, 2021.

Factor Efficacy - Does it matter?

We applied our standard alpha testing framework to analyze the performance of the board connections factor adjusted for size in Russell
benchmarks (Exhibit 4). While the factor shows efficacy in both the Russell 1000 and Russell 2000 universes, Exhibit 5 demonstrates that
it is most effective among small-cap stocks, with an average monthly Information Coeflicient' (IC) of 1.04%. Among large-cap stocks, the
factor has an average monthly IC of 0.6%. The spread returns (Q1-Q5 in Exhibit 4) show similar efficacy in large and small caps. Later in
this paper, we demonstrate that high board connectedness matters most in companies that are potentially in distress. We found that firms
with the highest connectedness have the most significant improvement in profitabilicy (ROA) and sales growth prospects. Thus, a strong
factor efficacy in Russell 2000 compared to Russell 1000 is expected as companies in the small-cap space are more prone to having financial
and stability issues. The factor also shows a strong positive in nine out of 11 sectors, with Financials, Materials, and Utilities showing the

highest efficacy (Exhibit 6).

Exhibit 4: Performance Summary of Russell 1000 and Russell 2000 Indexes

Russell 1000 Russell 2000

Annualized Active Return (Q1-Q5)% 2.42 6.50
Annualized Standard Deviation (%) 7.16 11.03
Sharpe Ratio 0.34 0.59

Sources: S&D, FactSet, Compustat, PGIM Quantitative Solutions. Data as of July 31, 2021.

! The information coefficient (IC) is a measure used to evaluate the skill of an investment analyst or an active portfolio manager by showing how closely the financial forecasts
match actual financial results.
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Exhihit 5: Monthly Information Coefficient of Russell 1000 and Russell 2000 Universes
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Russell 2000
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Exhihit 6: Monthly Information Coefficient of Russell 3000 Sectors
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Sources: SHP FactSet, Compustat, PGIM Quantitative Solutions. Data as 0f ]uly 31, 2021.

How Board Connectedness Impacts Company Performance

Given that board connectedness is positively associated with future stock returns, it is worthwhile to further understand how connectedness
translates to better stock returns. To do so, we carefully employed a quantitative investment process to shed more light on this issue. Each
year starting in June, we formed three portfolios of companies: companies with the highest interconnectedness (top tercile), firms with the
lowest interconnectedness (bottom tercile), and those in between. We examined the characteristics of these companies three years before and
three years after portfolio formation. We found that the profitability of companies with the highest degree of board connections improved
the most over the three-year period following portfolio formation as compared to companies with medium or low board connections.

It stands to reason that board interconnectedness is likely to be less effective in firms that are already generating strong profits. Therefore,
companies with the highest board connections are the ones that show the greatest improvement in ROA. Results depicting the companies’
ROA can be seen in Exhibit 7.

Exhibit 7: Return on Assets
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Sources: SHP FactSet, Compustat, PGIM Quantitative Solutions. Data as 0f ]uly 31, 2021.

2 ROA is defined as Net Income/Average of Assets four quarters ago and most recent.
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Exhibit 8 demonstrates the sales growth of high-, medium-, and low-centrality companies. It is evident that companies with the highest
board connections also have the lowest sales growth. It is apparent that all companies experience a decline in sales growth prospects (defined
as FY2 Sales Estimates/FY1 Sales Estimates) following portfolio formation. However, despite the overall sales growth weakness, the declines
of high-centrality firms are much smaller than those of low-centrality firms. For companies with mature business models and stable
operating processes, improving profitability measures might not yield swift revisions, as analysts may remain bearish and be reluctant to
revise their forecasts for slower-growth firms. Greater analyst pessimism about the growth outlook for these stable companies means more
opportunity for them to surprise on the upside. This leads to relatively flatter change in sales growth for firms with highly connected boards.
In contrast, companies with lower board connectedness are typically “growthier,” and generate greater analyst excitement. Subsequently,
when profits disappoint, analysts revise sales growth estimates more quickly.

Exhibit 8: Sales Growth
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Sources: S&OB, FactSet, Compustat, PGIM Quantitative Solutions. Data as of July 31, 2021.

Looking at Exhibit 9, it is evident that the stock price performance of companies with the highest board centrality improves drastically
in the three years following formation of the portfolios. In contrast, the stock price performance of low- and medium-centrality firms
generally deteriorates during that period.

Exhibit 9: Historical Returns ®
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3 Cumulative 12-month return.
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Exhibits 7, 8, and 9 validate the point that high board interconnectedness matters the most in companies with relatively low financial
prospects, and show two broad yet seemingly conflicting characteristics of companies with the highest board centrality. On the one hand,
highly connected companies demonstrate stable yet low profitability and low growth prospects. On the other hand, these companies also
show improved financial and stock price performance and slight improvement in growth prospects following portfolio formation. We believe
that these contrasting characteristics of companies in the highest board centrality bucket are the result of two types of confounding effects:

1. The companies with the highest board connections are generally mature firms with established operations and overall low but
stable profitability. From the perspective of board members, it is lucrative to be on the board of directors of such companies.
There are few, if any, going concern doubts.

2. Another representative group in the highest board connections bucket is the group of firms that face headwinds and are taking
corrective measures to improve the overall health of the company. Among other things, addressing these challenges would involve
taking major steps in restructuring the company board, senior management, etc.

We believe that companies that fall into the second classification stand to benefit the most from higher board centrality due to their high
cost of information acquisition. These low-performing firms with highly connected boards, or those that restructure their boards to have
high connections, are more likely to experience a substantial benefit, such as a reduction in challenges securing new funds and establishing
more favorable supplier relationships. By exerting their influence, connected directors are able to tap into their networks to facilitate lower
costs and in turn, higher profitability. Additionally, companies with higher connectedness have been found to have better governance
practices (see references). Given that boards provide oversight on management activities, firms with more connected boards should naturally
benefit by employing the best corporate governance practices, exerting influence, and leading in setting the strategic vision of firms. One
would expect this to be most beneficial for firms attempting major restructuring. Overall, higher board linkages imply that there are greater
opportunities for board members to initiate reforms that can improve company profitability.

ESG Considerations

It’s also likely that companies with higher interconnectedness have better governance practices. Some studies show (see references) that
companies with the highest interconnectedness also score highly on ESG metrics. Given that boards provide oversight on management
activities, firms with more connected boards should naturally benefit by employing the best corporate governance practices, exerting
influence, and leading in setting the strategic vision of firms. Overall, this should result in better corporate governance oversight and better
stakeholder management.

Conclusion

A company’s board of directors acts on behalf of various stakeholders and is responsible for developing and enforcing corporate governance
protocols. While a board’s role can often be viewed as passive, a highly connected board is able to leverage its links to proactively
implement best corporate governance practices and benefit from the rich flow of information contained in its network. We believe that by
incorporating this level and extent of network linkages into the quality factor of their investment process, systematic quant managers can
improve portfolio returns for asset owners.

References:
Larcker, D., So, E., and Wang, C., 2010, “Boardroom Centrality and Stock Returns”, Stanford GSB Research Paper No. 2061
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Harjoto, M. A., and Wang, Y., 2020, “Board of Directors Network Centrality and Environmental, Social and Governance (ESG)
Performance”, Corp. Gov. 20, 965-985. doi: 10.1108/CG-10-2019-0306
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NOTES TO DISCLOSURE
For Professional Investors only. All investments involve risk, including the possible loss of capital. Past performance is not a guarantee or a reliable indicator of future results.

The content and materials presented here are for informational and educational purposes only and should not be construed as investment advice or an offer or solicitation in respect of any
products or services to any persons who are prohibited from receiving such information under the laws applicable to their place of citizenship, domicile or residence. PGIM Quantitative Solutions
LLC (PGIM Quantitative Solutions or PGIM Quant), formerly known as QMA LLC, is an SEC-registered investment adviser and a wholly-owned subsidiary of PGIM, Inc. (PGIM) the principal

asset management business of Prudential FinanWcial, Inc. (PFI) of the United States of America. Registration with the SEC does not imply a certain level of skill or training. PFl of the United
States is not affiliated in any manner with Prudential plc, which is headquartered in the United Kingdom or with Prudential Assurance Company, a subsidiary of M&G plc, incorporated in the
United Kingdom.

Any reproduction of these materials, in whole or in part, or the divulgence of any of the contents hereof, without prior consent of PGIM Quantitative Solutions is prohibited. Certain information
contained herein has been obtained from sources that PGIM Quantitative Solutions believes to be reliable as of the date presented; however, PGIM Quantitative Solutions cannot guarantee
the accuracy of such information, assure its completeness, or warrant such information will not be changed. The information contained herein is current as of the date of issuance (or such
earlier date as referenced herein) and is subject to change without notice. PGIM Quantitative Solutions has no obligation to update any or all of such information; nor do we make any express
or implied warranties or representations as to the completeness or accuracy or accept responsibility for errors. These materials are not intended as an offer or solicitation with respect to

the purchase or sale of any security or other financial instrument or any investment management services and should not be used as the basis for any investment decision. The underlying
assumptions and our views are subject to change. No liability whatsoever is accepted for any loss (whether direct, indirect, or consequential) that may arise from any use of the information
contained in or derived from this report. PGIM Quantitative Solutions and its affiliates may make investment decisions that are inconsistent with the views and opinions expressed herein,
including for proprietary accounts of PGIM Quantitative Solutions or its affiliates.

In the United Kingdom, information is issued by PGIM Limited with registered office: Grand Buildings, 1-3 Strand, Trafalgar Square, London, WC2N 5HR. PGIM Limited is authorised and
regulated by the Financial Conduct Authority (“FCA”) of the United Kingdom (Firm Reference Number 193418). In the European Economic Area (“EEA”), information is issued by PGIM
Netherlands B.V. with registered office: Gustav Mahlerlaan 1212, 1081 LA Amsterdam, The Netherlands. PGIM Netherlands B.V. is authorised by the Autoriteit Financiéle Markten (“AFM”) in
the Netherlands (Registration number 15003620) and operating on the basis of a European passport. In certain EEA countries, information is, where permitted, presented by PGIM Limited in
reliance of provisions, exemptions or licenses available to PGIM Limited under temporary permission arrangements following the exit of the United Kingdom from the European Union. These
materials are issued by PGIM Limited and/or PGIM Netherlands B.V. to persons who are professional clients as defined under the rules of the FCA and/or to persons who are professional
clients as defined in the relevant local implementation of Directive 2014/65/EU (MiFID 11). PGIM Quantitative Solutions, PGIM Limited and/or PGIM Netherlands B.V. are indirect, wholly-owned
subsidiaries of PGIM. These materials are not intended for distribution to, or use by, any person in any jurisdiction where such distribution would be contrary to local or international law

or regulation.

In Japan, investment management services are made available by PGIM Japan, Co. Ltd., (“PGIM Japan”), a registered Financial Instruments Business Operator with the Financial Services
Agency of Japan. In Singapore, information is issued by PGIM (Singapore) Pte. Ltd. (“PGIM Singapore”), a Singapore investment manager that is licensed as a capital markets service license
holder by the Monetary Authority of Singapore and an exempt financial adviser. These materials are issued by PGIM Singapore for the general information of “institutional investors” pursuant
to Section 304 of the Securities and Futures Act, Chapter 289 of Singapore (the “SFA”) and “accredited investors” and other relevant persons in accordance with the conditions specified in
Sections 305 of the SFA. In South Korea, information is issued by PGIM Quantitative Solutions, which is licensed to provide discretionary investment management services directly to South
Korean qualified institutional investors.

These materials are for informational and educational purposes. In providing these materials, PGIM Quantitative Solutions is not acting as your fiduciary.
PGIM, PGIM Quantitative Solutions, the PGIM Quantitative Solutions logo and the Rock design are service marks of PFl and its related entities, registered in many jurisdictions worldwide.
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